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One of the many issues communities will face when trying to protect their local
watershed is the lack of background their policy makers have in environmental protection
and watershed health. The purpose of this study is to test a range of on-site stormwater
management policies against a selection of new development projects from a specific
small city of the United States in order to determine what combination of policies works
best in a particular urban environment. Three policies were selected to test the range of
stormwater approaches being used in the United States. These policies were then
measured in a spreadsheet analysis against three years’ worth of new development from
the city of Starkville, Mississippi. The outcomes of this research can provide
communities and municipalities with a tool to help them determine which combination of
application trigger and detention requirement for on-site stormwater management will
best serve their watershed needs.
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CHAPTER I
INTRODUCTION
1.1

Introduction
Communities, especially those with limited resources, will face many issues when

trying to protect their local watershed through the use of stormwater policies. One of
these problems is the lack of experience and background their elected officials and
administrators have in environmental protection and watershed management. Stormwater
policies that are imposed on developers have the ability to enhance a community’s
overall watershed health (Ferguson 1998). However, they often only relate to large sites
and require large detention facilities, which focus on flood protection, and disregard
smaller sites and smaller rain events altogether. This approach does not reflect the end
goal of sustainable stormwater design that mimics the natural hydrologic processes (Freni
2010).
Stormwater management policies are considered most effective when they can
successfully collect, convey, manage, and treat the majority of stormwater runoff from
the greater part of a community’s urban environment (Ferguson 1998). Ultimately, by
effectively managing a greater volume of stormwater runoff, a greater prevention of
flooding may be achieved while still maintaining a high quality of water. Through the
evolution of stormwater management, more sustainable development techniques have
emerged that primarily focuses on on-site infiltration and pollution control of stormwater
runoff (Deebo and Reese 2003). These techniques encourage stormwater policy
1

development to include management that is: smaller and closer to the source, capable of
handling multiple storm events, and treats water quality as well as runoff quantity (EPA
2009).
With various past precedents and new concepts for stormwater management,
municipal policy-makers are left with the difficult task of deciding which policy can best
meet their unique needs for watershed protection. The purpose of this study is to present a
process to help communities develop an on-site stormwater policy that balances overall
watershed protection with local development practices. This study addresses these issues
by testing a range of on-site stormwater management policies against a historical list of
actual development projects from Starkville, Mississippi. This is done in order to
determine what combination of policies works best for the community and watershed.
The three major policy elements that are tested in this research are the application trigger,
overall detention requirement and water quality requirement. Based on the results,
recommendations are offered on which policy combinations work best for the community
studied and how other communities can use a similar process.
1.2

Goal and objectives
The main goal of this study is to develop a tool to test a range of stormwater

policies against a historical list of projects from Starkville, Mississippi to determine
which policy would best balance the overall watershed protection with local development
practices. The four objectives that have been identified to meet this goal are as follows:
1. Complete a literature review to determine the current trends and future demands
of stormwater policy and management.
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2. Collect data from the city of Starkville, Mississippi occurring over a three-year
period that presents the type and scope of new development occurring in the area.
3. Evaluate the data set against a rage of three policies and three separate variables
(trigger, detention, and water quality).
4. Formulate conclusions and recommendations based off of the results of the
experiment for the future development of stormwater management policies.
1.3

Scope of this study
Every municipality’s on-site stormwater policy will require protection for a

unique development typology as well as for a specific climate. This presents many unique
variables that are both site specific as well as exclusive to the context (CWP 2010).
Therefore, for the purpose of this thesis, the scope of the study focuses primarily on a
small city in the southern United States, with the intention of nationwide application. The
literature review presented in Chapter II discusses the general topics that are required
within a stormwater policy, while the experiment of this study focuses on three primary
variables: trigger, detention and water quality. The hypothesis of this study is that the
policy with the smallest trigger requirement and the smallest detention requirement
would manage the greatest amount of stormwater runoff and thus be most beneficial to
the community and watershed.
1.4

City of Starkville, Mississippi
The city of Starkville, Mississippi was selected as the focus for this thesis due to

its representation of a small southern city of the United States, proximity to the
Mississippi State University, and availability of recent and current data for the research.
The city has of late adopted a detention requirement for new development but is not
3

currently under the National Pollutant Discharge Elimination System (NPDES) Phase II
(Starkville 2010). Therefore, the results of this study are intended to provide the city of
Starkville with the information to better refine its current stormwater ordinance.
1.5

Precedent to study
Due to the lack of research available on the topic of comparative stormwater

management policy, there was not a precise precedent that this study could be derived
from. Therefore, the framework of this study was developed through a comparison of
stormwater management policies and their manuals presently used across the nation. The
stormwater policy requirements of NPDES Phase II (EPA 2005), Philadelphia,
Pennsylvania (PWD 2008), Detroit, Michigan (MDOT 2009), and Portland, Oregon
(Oregon 2008) all provided references for stormwater policy development.
1.6

Organization of thesis
The remaining chapters of this thesis are organized as follows: The Literature

Review, Methodology, Results, Discussions and Conclusions. The Literature Review
chapter inspects current literature associated with on-site stormwater. The Methodology
chapter discusses the process and application of the policy requirements and the
evaluation of the data set. The Results chapter presents the primary results of each policy
selected as well as that of the analysis of the data set. The Discussions chapter further
analyzes the results of the study and their implications. The Conclusions chapter is the
final chapter of the thesis and reveals recommendations for future research and
development of on-site stormwater policy.
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CHAPTER II
LITERATURE REVIEW
2.1

Introduction
This literature review presents an introduction to the material available on the

subject of on-site stormwater management; its policies, history, current practice today,
the process in which it is implemented, modeled design concepts, basic modeling inputs,
the design process, examples of successful designs, and an evaluation of existing gaps in
the scholarship.
2.2

A brief history of stormwater management
The work of Debo and Reese (2003) in Municipal Stormwater Management is

significant on the history of stormwater and its development over time. They define the
evolution of stormwater management in a series of nine paradigms. These archetypes,
according to Debo and Reese (2003) are as follows:
1. Run it in ditches – 1800s – As pioneers settled the United States, they ran all
water into ditches. This process was similar to water management on farms.
2. Run it in pipes – Early 1900s – In order to maintain sanitation in urban areas,
wastewater was diverted into pipes and then released into nearby rivers or
streams.
3. Run it in stormwater pipes – 1950s – 1960s – A shift from well water to
surface water that was caused by contaminated water being consumed by
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those who lived downstream. During this period wastewater treatment plants
began to treat less of the “clean” stormwater for economic purposes.
4. Keep it from stormwater pipes – 1970s – For the first time, stormwater
detention ordinances began to increase countrywide; however, the conditions
of theses ordinances were rarely met. If these conditions were to be met, real
peak flow reduction results would have been achieved.
5. Don’t Cause Flooding – 1985 – Coordinated regional approaches begin to
take effect in this time period as well as the development of hydraulic models
to be used as solutions to flooding for the entire watershed.
6. Do Not Pollute – 1986-1987 – Phase I, Phase II of the Water Quality Act
emerge from this era. This flux in policy requirements caused development to
have a more complex set of regulations.
7. Protect the Ecology – 1990’s – The term ‘Biocriteria’ emerges from this
paradigm. The biocriteria of stormwater management refers to the stream
restoration and conservation initiative and how to preserve stream health.
8. Water is Water is Watershed – Late 1990’s – The concept of managing water
as an entire watershed begins to emerge in this era. Previously, water was
viewed as a separate entity, rather than part of one hydrological system. The
Endangered Species Act (ESA) also plays a key role in protection of entire
watershed ecology. A limitation to this approach is that it is presented at such
a large scale that it prevents citizens from fully relating to the issue.
9. Green And Bear it- Present Day- Stormwater management today is taking on a
more sustainable approach as the Green Revolution makes it way across the
country and the world. The essential issues of the movement include urban
6

sprawl and its negative effect on humanity and ecology. America’s current
method of harmful growth is not unavoidable; by incorporating best
management practices (BMPs) a more sustainable urban environment can be
achieved. Proper stormwater management techniques that take into account all
environmental, social, and economical aspects of a watershed aid in
sustainable development.
2.3

Stormwater management regulatory context
During the first fifteen years of the Clean Water Act (CWA), stormwater release

was considered a “non-point” source of pollution, and was not required to meet any
regulations for water quality for a “point source” (Duke and Augustenborg 2006). In
1978, policy regulations changed to include it as point source pollution due to the
evidence that stormwater runoff contained substantial amounts of pollutants that
potentially damaging to the environmental (Duke and Augustenborg 2006). The
Environmental Protection agency (EPA) initiated NPDES in an attempt to improve the
water quality of U.S. water systems. NPDES was introduced and authorized by the Clean
Water Act to improve water quality from runoff generated by urban areas(EPA 2005).
Starting in 1990, Phase I of the program required populations of 100,000 – 250,000
people or greater to require municipal separate storm sewer systems and construction
activity on areas greater than five acres to acquire a stormwater permit (EPA 2002).
Starting in 2003, Phase II was developed to focus on the removal of pollutants in
stormwater runoff to the maximum extent possible (EPA 2002). The NPDES Phase II
requires management of water pollution by regulating the initial source of pollutants that
are being released into US waterways such as pipes or man-made ditches (EPA 2005).
7

Cities are also required to have stormwater permits for large industrial and municipal
facilities, but private homes that are not associated with a municipal system or sites that
use a septic tank do not require a permit (EPA 2005)
The process for municipal stormwater design includes a considerable amount of
responsibility on the part of those implementing the policy (Duke and Augustenborg
2006). Many regulations require the community to “self-identify, self-monitor and selfreport” when it comes to matters of environmental protection (Duke and Augustenborg
2006). In order to meet the requirements of NPDES Phase II, developers of municipal
storm sewer systems (MS4s) must obtain a water quality permit that entails the need for
runoff protection as well as providing drainage and preventing flooding in urban areas
(Duke and Augustenborg 2006). The discharge from MS4s in urban areas pose a threat
to the surrounding environment due to high amounts of pollutant runoff from the
rooftops, streets, parking lots and other impervious surfaces (EPA 2002). Operators of
MS4s are required to put into practice management techniques that will limit the amount
of stormwater pollutants that occur from their development as well as examine their
facilities for areas that may potentially contribute to pollutant runoff into a stormwater
drainage system (Duke and Augustenborg 2006). The problem with this management
style is that the enforcement of this policy relies on a community to regulate it, and often
times there are insufficient assessments made by the responsible agency (Duke and
Augustenborg 2006).
Stormwater ordinances and regulations differ from each governmental entity.
Whether its federal, state or local, each level contains it own governing policy that
determine the requirements for development (EPA 2005). On a national level, The
Federal Water Pollution Control Act (FWPCA) of 1948, the Clean Water Act (CWA) of
8

1987, as well as ordinance Section 438 of the Energy Independence and Security Act of
2007 are the three major pieces of legislation that dictate stormwater runoff conditions
requirements for new federal projects (EPA 2005; NHDES 2008). On a state Level, the
NPDES is the major municipal guideline for rules of management, and in many states the
permits are distributed by the EPA (EPA 2009). The majority of permits obtained are for
municipal separate storm sewer system (MS4) which often include cities, Department of
Transportation (DOT), college and school campuses, hospitals, and sewer districts (EPA
2009).
At the municipal level, similar to the state level, the majority of permits
distributed to a local populace are for MS4s (EPA 2005). However, unlike at the federal
and state level, local stormwater practices and decision making apply to more site
specific organizations such as place-based groups, watershed councils, and community
organizations (Larson and Lach 2010). These institutions are encouraged to help involve
local residents in their community and help solve watershed problems that are specific to
their region as well as address environmental improvements and increase social capital
(Larson and Lach 2010).
2.4

Sustainable stormwater management
With the evolution of stormwater management steadily progressing forward, a

more sustainable development technique has emerged that primarily focuses on on-site
infiltration and pollution control (Boller 2004). Sustainable stormwater management
focuses on current development to protect the future of water quality (Boller 2004). Some
of the concepts behind sustainable development include management that is smaller and
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closer to the source, capable of handling multiple storm events, and treats water quality as
well as runoff quantity.
2.4.1

Managing stormwater with smaller facilities close to the source
The idea of keeping urban runoff facilities smaller and closer to the original

source is the main concept behind Low Impact Development (LID). This relatively new
theory was designed to mimic the natural process of the hydrological cycle (Davis, Hunt
et al. 2009). The methodology behind this concept is to allow for groundwater recharge,
pollutant removal through infiltration, stream protection and flood reduction (Davis, Hunt
et al. 2009). Being that this technology is still relatively new, future development and
research should focus on what the effect pollution removal process will have on design
policies for water quality (Davis, Hunt et al. 2009).
2.4.2

Benefits of sustainable stormwater management
Some of the benefits for managing multiple storm events include providing an

urban runoff facility that best manages total volume of water on site, thus preventing
flooding while maintaining water quality. According to a study conducted by Hsieh and
Davis et al. (2005), bio-retention facilities sustain the volume of multiple storm events
and efficiently filter pollutants from the urban runoff environment. This technology can
help remove harmful toxins from developed sites through denitrification and other
procedures. Sustainable stormwater management can improve overall water quality while
infiltrating multiple storm events (Hsieh, Davis et al. 2005). Stormwater is a resource, not
an encumbrance. Therefore, designers are becoming more comfortable working with the
hydrological cycle in imitating the predevelopment condition, rather than working against
the hydrological cycle and treating stormwater as a hindrance (Davis, Hunt et al. 2009).
10

This new approach to incorporating stormwater into a design as an asset opens up vast
opportunities for Landscape Architects (Davis, Hunt et al. 2009).
2.5

On-site stormwater management
On-site stormwater management stems from rainfall and infiltration as a natural

process (Ferguson 1998). This theory in incorporated into a city’s stormwater
management policy in order to maintain and restore the balance of these ecological
processes (Ferguson 1998). On-site stormwater management can be defined as simply the
management of stormwater runoff on a site (Sample and Heaney 2006). This approach
generally focuses on the management of rainwater runoff in an assortment of storage
facilities (Sample and Heaney 2006). These storage facilities can include on-site storage
ponds, rainwater cisterns, and soil moisture drainage (Sample and Heaney 2006).
In order for an onsite stormwater management policy to be most effective, it must
collect, convey, manage, and treat stormwater runoff from an urban setting before it can
be released back into the natural environment (Ferguson 1998). Stormwater runoff is best
collected in recharge basins that allow for aquifer recharge through infiltration (Ku,
Henry et al. 1992). These facilities collect the runoff and slowly permeate it through the
sand and gravel that lines the bottom and sides of the structure (Ku, Henry et al. 1992).
Once the water is safely stored within, the basin must be designed in a way that slowly
conveys the water into a management facility (Chocat, Krebs et al. 2001).
The general requirements for on-site stormwater management call for all specified
points along a waterways post development condition to not surpass the predevelopment
conditions (Cronshey, Miller et al. 1985). In the past, the most common requirement is to
simply “pipe and pond” stormwater runoff from urban development and maintain the
11

peak discharge downstream to match the predevelopment levels (McCuen 2003). An
issue with this management approach are that only the measurement of total water
volume is at the end of the pipe thus disregarding harmful peak discharges (McCuen
2003). This requirement does not take into account water quality treatment and the effect
on the entire watershed (McCuen 2003).
With an increase in urban development, many municipalities are implementing
more sustainable policies that require stormwater to be treated and remain on-site as it
would in its predevelopment conditions (Kronaveter and Shamir 2001). Due to the nature
of urban development, the amount of pollutants carried off of impervious surfaces during
a storm event are seriously harmful to overall water quality and unless treated on-site, can
cause long term pollution damage to soils and streams (Boller 2004). On-site stormwater
management requires developers to avoid the dispersion of harmful pollutants by using
source control measures, and to use soil infiltration as a means for absorbing runoff
deposits (Boller 2004).
The newly developed concepts of urban water management give designers many
alternatives for creating an on-site stormwater development plan to help them meet the
environmental, social, and functional demands of the future (Boller 2004). Flood
protection, water quality, groundwater recharge, and stream protection are just a few of
the advantages that an on-site stormwater policy can provide. These methods are both
beneficial and imperative to watershed health, however, due to the complex nature of
policy implementation, it will take decades for the compulsory use of these new ideas to
be mandatory nationwide (Boller 2004).
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2.6

Aspects of an on-site stormwater management policy
Policies that mandate on-site stormwater management are implemented according

to several community-specific requirements. These aspects include a site’s predevelopment condition, size and the local environmental factors (Sample and Heaney
2006). The existing environment of new construction helps define a policy’s runoff
coefficient. The project size and surrounding ecological characteristics are what provide
the extent of a policy’s constraints (Sample and Heaney 2006). There are three key
variables of an on-site stormwater policy. These include the application trigger, detention
requirements and water quality requirements.
2.6.1

Application trigger
A project’s application trigger refers to the total amount of disturbed area allowed

before stormwater management requirements must be met (BES 2008). The trigger
condition varies from city to city. For example the city of Philadelphia, Pennsylvania
requires developers to keep the first inch of stormwater runoff onsite if the site exceeds
fifteen hundred square feet, whereas the city of Portland, Oregon requires developers to
meet the pollution reduction requirements for any disturbed area greater than five
hundred square feet (Hansen 2007; BES 2008). The trigger is one of the key requirements
of a municipality’s policy as well as a fundamental measurement for designers.
2.6.2

Detention requirement
A stormwater detention requirement refers to the size of storm-event or rainfall

intensity a facility must accommodate for. Detention requirements also vary from city to
city. For example, the city of Portland requires all detention facilities to meet the twentyfive year storm event peak flow conditions of post development and the ten year peak
13

flow of pre-development conditions (BES 2008). The city of Houston, Texas requires all
newly developed facilities greater than fifteen hundred square feet to meet the onehundred year storm event (Houston 2005). The detention requirement is also fundamental
for designers as its size greatly varies from storm event and can largely affect the final
design as well as be a financial burden to the developer (Debo and Reese 2003).
2.6.3

Quality requirement
Stormwater quality in a policy deals with runoff pollutants that interfere with the

natural and biological processes of a water body (BES 2008). These toxins include soil
sedimentation, heavy medals, significant amounts of nutrients, bacteria, litter, and
organic materials (oil, fertilizer, etc.) (BES 2008). Pollution reduction policies require a
development to reduce the amount of these pollutants. Each municipality has a different
application requirement to meet, however, most follow the EPA’s minimal requirement
conditions (EPA 2009). For example, the city of Portland require that development must
attain seventy percent pollutant removal of total suspended solids (TSS) for ninety
percent of the average yearly runoff (BES 2008).
2.7

Stormwater modeling and design concepts
The Design Storm is a precipitation pattern calculated for use within the

hydrologic system (Ferguson 1998). The array of rainfall is what determines the intensity
and volume of stormwater runoff and aids in the design process for a sustainable drainage
system (Ferguson 1998). There are several models used to determine the ideal design
storm, but for the sake of this study, the Rational Method, the SCS curve method, and
Santa Barbara approach will be discussed.
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The rational method is the oldest available stormwater modeling approach and
was developed around a century ago (Debo and Reese 2003). It is used by measuring the
peak rate of runoff against a site’s drainage area, runoff coefficient and rainfall intensity
(Ferguson 1998). The U.S. Soil Conservation Service Curve Method (SCSCM) was
developed in the 1950s in order to supply the demand for a method that measures volume
runoff during a storm event (Ferguson 1998). The SCSCM is used to find the total depth
and volume runoff of a storm event, it then determines the distribution and rainfall
intensity of the storm as well as how fast the water leaves the watershed (Ferguson 1998).
The Santa Barbara approach was developed by that Santa Barbara County Flood
Control in order to identify a method for measuring stormwater runoff in an urbanized
area (BES 2008). This method differs from the previous two in that it can be done with a
spreadsheet or by hand. It has also been approved by Portland’s Bureau of Environmental
Services for determining runoff and flow calculations (BES 2008). The four variables
that the SBUH requires calculations for: total pervious and impervious land area, the time
of concentration calculations, the site specific runoff curve numbers, and the design storm
(BES 2008).
2.8

Basic modeling inputs
Each stormwater runoff modeling approach incorporates a variety of inputs

required for calculations. However, there are three basic inputs that can be found in each
method which include: intensity (storm event), rainfall frequency (size of event
managed), and runoff coefficient (or the surface characteristics).
A storm event is measured by the rainfall intensity. Rainfall intensity is the rate at
which rain falls onto a surface and can be measured in inches per hour (Mays 2004).
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Rainfall intensity is selected over a period of time that is determined by the duration and
the frequency of rainfall (Mays 2004). Rainfall frequency refers to the amount of time in
between storm events of a given magnitude or the size of the event (Ferguson 1998). The
size and scale of a storm differs from area to area depending on the region’s climate.
Each region has a reoccurrence interval that determines the amount of volume that occurs
from each storm events (NOAA 2011). The storm events are expressed as one-year, tenyear, twenty-five-year, etc. A site’s surface characteristics can be determined by the time
of concentration (TOC) and the runoff coefficient. TOC refers to the largest amount of
time it takes for water to flow from the furthest point in a drainage area to an outlet
source (Ferguson 1998). The surface on which that runoff travels determines what the
runoff coefficient will be. The runoff coefficient is an empirical-constant value that
represents the amount of rainfall that will eventually result in runoff (EPA 2009).
2.9

The design process and approval of on-site stormwater management
Due to the recent green revolution, an increasing number of municipalities are

reconstructing their stormwater manuals to require on-site stormwater management to be
incorporated into the design process. For example, in 2009, the city of Philadelphia,
Pennsylvania promoted a 1.6 billion dollar ‘green infrastructure’ plan that will reduce
sewer overflows, restore stream corridors and upgrade three wastewater treatment plants
(Landers 2009). The purpose for this planning and design process is to implement
sustainable methods early on, hopefully reducing the harmful impacts of construction and
encouraging the use of best management practices (BMP) in a cost effective manner
(PWD 2008). A design must include nonstructural elements that reduce the total amount
of stormwater to be managed by the city, and if structural elements are proposed, they
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must meet the Flood Control requirements (PWD 2008). In order for a design to be
approved by a municipality, it must prevent flooding, peak runoff conditions must not
exceed those of the pre-development conditions (PWD 2008).
An example of the design and approval process according to the Philadelphia
Water Department (2008) states that all new development must:
•

Establish the amount of infiltration that the soil conditions allow.

•

Provide the appropriate amount of open space for a stormwater management
facility.

•

If the soil conditions allow for vegetated infiltration, this method is ideal,
however if it is not feasible, a similar method that reduces the amount of
stormwater volume should be used.

•

Identify what the pretreatment conditions are for the site.

•

Verify what the release rate requirements are to meet the flood condition
requirements.

Once a stormwater management design has been submitted, the approval process
tends to be a three-step procedure, depending on the municipality. The first step is the
preliminary plan approval, the second step is the construction plan approval, and the third
is the final plan approval (PWD 2008). Once a municipality’s planning department has
approved a plan, the next step is implementation. However, there are many considerable
challenges facing the implementation process of stormwater management plans (Brown,
Sharp et al. 2006). Many designs may include sustainable stormwater management
practices into their plans, but due to the complexity and large number of requirements
from a municipality stormwater management policy, the plans are often rejected or
require significant revisions. This frequently discourages any incentive for a more
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sustainable approach for designers and developers alike (Brown, Sharp et al. 2006).
When urban stormwater management plans are implemented correctly they should
protect a watershed’s health, increase on-site infiltration, protect the health of
downstream environments, and remove pollutants from urban stormwater runoff (BES
2008).
2.10 Artful rainfall design
Water management has evolved from being diverted off-site to being managed
on-site and in the most recent of all developments, drawing attention to stormwater and
treating it as a design element (Echols and Pennypacker 2008). This form of management
is known as Artful Rainwater Design (ARD) (Echols and Pennypacker 2008). According
to Echols and Pennypacker (2008), The Benefits of ARD include:
1. Increased property value
2. Encourage policy planners to view stormwater as an amenity
3. Expose the public to ecological stormwater design
4. Provide alternate strategies to stormwater management
5. Maintaining of stormwater adds value to sites
6. Incite designers to incorporate ARD into future designs
There are many opportunities for future research that are raised with this approach
to stormwater management. Some of these questions include the requirements of
maintenance for these unique facilities, the incorporation of these ideas in the early
design stages of stormwater management, and infusing Leadership in Energy and
Environmental Design (LEED) protocol to increase the value of ARD (Echols and
Pennypacker 2008).
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2.10.1 Examples
Some specific locations of examples of ARD include: 10th@Hoyt, Portland,
Oregon, by Stephen Koch Landscape Architect, Pierce County Environmental Services,
Chambers Creek, Washington by The MilleriHull Partnership, LLP, Bruce Dees &
Associates, LLC, and The Oregon Convention Center, Portland, by Mayer/Reed.
In Portland’s Pearl District, the courtyard of the apartment building 10th@Hoyt
provides an elegant example of a well-designed rainwater plaza (Pennypacker and Echols
2008). Within this site, the stormwater travels down a copper downspout that follows the
face of the building and enters a stepped aqueduct and ends in a basin filled with river
rock (Pennypacker and Echols 2008). The beauty of this site is carefully accented through
the complimentary use of materials throughout the site (Echols and Pennypacker 2008;
Pennypacker and Echols 2008).
An example also located in Portland, Oregon is that of the Oregon Convention
Center. This site was designed by the landscape architect Carol Mayer Reed and exhibits
the hydrologic cycle of stormwater at a full site scale (Pennypacker and Echols 2008).
Reed provides an artistic display of the stormwater cycle while at the same time allowing
users to interact and learn from their surroundings (Pennypacker and Echols 2008).
Another example is that of the Pierce County Environmental Services located in
Chambers Creek, Washington This site uses the overall stormwater design as a form of
public education on the value of stormwater and water quality in general (Pennypacker
and Echols 2008). This goal is articulated through several signage elements at key
vantage points throughout the site that provide visual interest and rather extensive
informative text (Pennypacker and Echols 2008).
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Nationwide application and education of best management practices (BMP) and
low impact design, such as artful rainwater design, will provide countless benefits on a
site specific level (Holman-Dodds 2007). However, stormwater models must
incorporated these as well in order to provide the most integrated stormwater
management system possible (Holman-Dodds 2007). Stormwater models tend to address
the middle ground of environmental and socio-economic issues, while the rest is left up
to designers and planners (Elliott and Trowsdale 2007). Due to myriad requirements of
municipalities, it is very crucial that the importance of BMP’s and LID are addressed
early on in the design process and especially at the educational stages (Freni, Mannina et
al. 2010).
2.11 An evaluation of existing literature
There is a plethora of information on the individual themes and issues of
stormwater management, however, there are currently many gaps in the literature
available in relation to the topic of comparative stormwater policies. While the works of
Ferguson (1998), Deebo and Reese (2003), Morison and Brown (2010) have been
insightful in laying a foundation for this topic, further research is necessary.
2.11.1 Contributions of literature by Landscape Architects
The implications that sustainable stormwater management policies, LID, and
ARD have on the profession of Landscape Architecture are vital to its success. The work
of Tunney (2000) and Echols and Pennypacker (2006) has been substantial to the growth
of ARD and its application to Landscape Architects. Given that water is the source of life
in a landscape, the welfare and health of this resource and the environment it nourishes is
the ultimate priority of designers who are devoted to the symbiotic relationship of
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humanity with the natural world (Tunney 2000). For the majority of the twenty-first
century, literature on stormwater management policies have been directed towards
engineers and other professionals who incorporate the traditional methods for modeling
and conveying stormwater (Tunney 2000). Very little literature is available on a more
sustainable approach to stormwater management policies for Landscape Architects and
other practitioners who wish to incorporate a more innovative approach to stormwater
design (Tunney 2000).
2.11.2 Overall strengths, weaknesses and gaps
The literature presented in this review only skims the surface of the broad and
multifaceted topic of stormwater management. For the sake of this study, only a general
knowledge of each individual topic was presented to give a brief overview of the many
elements involved in this subject. By simply covering the general terms and issues of this
topic, this research is able to cover a broader range of concerns and provide insightful
results to a wider range of applications. However, this approach limits the ability to apply
site-specific results to any given aspect of stormwater management. Other weaknesses
that have been brought to light include the need for intergovernmental environmental
policy programs that work with a variety of organizations (Morison and Brown 2010).
Research on this topic has exposed information on five major assumptions made by
designers and researchers alike, that have caused failures in policy mandates (Morison
and Brown 2010). The work of Morison and Brown (2010) states that:
1. Sustainable values are a priority of all local governments.
2.

Local municipalities have to answer to the State.
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3. Funding from higher government powers require enforcement from local
authorities.
4. Consistent applications of environmental policies are made nationwide.
5. There is particular funding set-aside by local governments for environmental
management.
Making these assumptions have led to sustainable stormwater policy programs
being developed into documents and plans, but no further action can be taken (Morison
and Brown 2010). The need for research on comparative policies is fundamental in
understanding how municipalities are overcoming these challenges.
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CHAPTER III
METHODOLOGY
3.1

Introduction
A series of variables were established and investigated in order to better

understand what range of on-site stormwater management policies, when tested against a
selection of new development projects, will provide the best overall watershed protection
for the community. To do this, a project list was acquired from a small southern city and
analyzed against a range of policies. The city that was used in this study was Starkville,
Mississippi. Based on the research presented in Chapter II, three policies were
determined that best represent the range of policies present across the country. The
policies were then assessed against the collective project list in order to determine which
would provide the best overall protection.
3.2

Data collection
As stated in Chapter I, the City of Starkville Mississippi was chosen for this

research due to its representation of a small southern city in the United States, its ideal
proximity to the Mississippi State University and its project data availability. The city is
currently not under NPDES Phase II, but has recently adopted a detention requirement for
new development. The results of this study were provided to the city of Starkville to help
them better refine their current stormwater ordinance.
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3.2.1

Project list
The projects collected for this research is representative of a three-year period of

new development for the years 2009 through 2011. A total of thirty-eight projects were
constructed and went through the city’s site plan approval; however, only thirty-five of
the projects provided sufficient data to be included in the research. This offered a total
sample data of 92% over a recent three-year period, presenting a defensible set of data.
The years of 2009, 2010, and 2011 were selected due to their currency and complete
project data set. Rather than one year, it was felt three years provides a more accurate
window of the types of development that occur in the city and helps to avoid trends in
development.
3.2.2

The data set
The data acquired from each project were surmised from plans provided by the

Starkville City Engineer. The plans were either already constructed or proposed for
development in the near future. Information ascertained from the thirty-five projects
include:
•

Name

•

Date of approval

•

Location

•

Total area

•

Impervious area

•

Disturbed area

Some of the projects were required to use a new ordinance for stormwater
management, however, in order to maintain a baseline of measurement, this was not
taken into consideration while measuring the individual policies. Within the dataset, there
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is a range of sizes, with several large outliers, which is evident in the difference between
the mean and median project size illustrated in Table 3.1. The land-use for each project
varied from commercial to residential, with the majority being commercial. The project
types varied from condos to subdivisions and restaurants.
A limitation with the data set provided by the city of Starkville, Mississippi was
that it was only a representation of building that exceeds one thousand square feet in area.
The new construction project list used in this study did not include any of the sites with
less than one thousand square feet of impervious surface. Those projects only required a
building permit and did not need to submit plans for a review process, therefore making
the required data for this study unavailable. This is a technical issue with the
administrative process that may have made a significant difference in the study,
especially concerning the comparison of total projects triggered into the equation.
Table 3.1

Summary of data set
Total area square feet

Total
area acres

Impervious
area - square
feet

Impervious
area - acres

3,226,253

73

Sum

6,875,216

Mean

214,851

4.93

100,820

Median

95,832

2.20

48,096

3.3

158

Disturbed Disturbed
area -square area - acres
feet

3,230,216

74

2.29

100,944

2.30

0.87

40,075

0.87

Policy development
As stated in Chapter I, the purpose of this study is to compare a range of

stormwater policies against a series of new development projects, in order to determine
which policy best meets a community’s watershed needs. This study looks at three
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critical components of a stormwater ordinance: application trigger, detention
requirement, and water quality requirement.
•

The application trigger describes which projects have to meet the requirement.

•

The detention requirement determines how much detention each site must
provide.

•

The water quality requirement determines the total volume of water that needs
to be cleaned.

3.3.1

Policy 1 – one acre – twenty-five-year event
The first policy chosen for the study requires a one-acre disturbed area trigger

with a twenty-five-year event detention requirement (see Table 3.2). The one-acre trigger
is what is currently required under NPDES Phase II (EPA 2009). It is widely considered
to be a baseline trigger for many municipalities, and it is for this reason that it was
selected to be the trigger for the first policy. A large detention requirement can range
from a twenty-five-year to a one hundred-year detention requirement. Atlanta, Georgia
which has a twenty-five-year detention requirement, was used as the precedent for this
policy (AMEC 2001; Debo and Reese 2003).
3.3.2

Policy 2 – ten thousand square feet – ten-year event
The second policy was determined to be the one that was “in the middle” of

Policy 1 and Policy 3. It calls for a ten thousand square feet impervious area trigger and a
ten-year detention requirement. These two requirements are a relative average in
stringency according to recent stormwater policies (Debo and Reese 2003). The city of
Philadelphia, Pennsylvania uses a detention requirement similar to this of fifteen
thousand square feet disturbed area (PWD 2009, Landers 2009).
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3.3.3

Policy 3 – five hundred square feet – two-year event
The third policy is the most progressive and is most in line with sustainable

stormwater practices (close to the source infiltration, managing as many events as
possible, etc.). This policy uses a five hundred square feet trigger and a two-year
detention requirement. The ordinance for the city of Portland, Oregon requires a five
hundred square feet trigger and was the precedent for this policy (Oregon 2008).
According to Debo and Reese’s (2003) stormwater policy assessment in Municipal
Stormwater Management, the two-year detention requirement falls on the lower end of
the detention requirement spectrum, therefore providing a range of policy detention
requirements for all three policies (Debo and Reese 2003).
3.3.4

Water quality requirement
Each policy was analyzed with a specific water quality measurement of treating at

least 85% of the annual stormwater runoff for water quality. The Georgia Stormwater
Management Manual provided the precedent of standards for this study. According to
this policy, at least 85% of the average annual runoff needs to be treated for water quality
(AMEC 2001).
3.4

Policy analysis
In order to analyze each policy, an Excel spreadsheet was developed to test four

measurable outcomes:
1. Total projects triggered
2. The total impervious area managed by each policy
3. The increased volume of runoff managed by each policy
4. The percent of annual rainfall managed for water quality by each policy
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Table 3.2

Summary of policies

Policy

Trigger requirement

Policy 1

1 acre disturbed area

Detention
requirement
25-year storm

Water quality
requirement
85% of annual runoff

Policy 2

10,000 square feet impervious 10-year storm
area
500 square feet impervious area 2-year storm

85% of annual runoff

Policy 3

3.4.1

85% of annual runoff

Analysis of impervious area managed
To determine the total impervious area managed by each policy, the following

steps were taken. First, if the project’s impervious or disturbed area exceeded the policy’s
trigger requirement, the total impervious area of that project was summed with the other
triggered projects. If the trigger requirement was not exceeded, then the total impervious
area of that project was excluded from the final total. For example, according to Policy 1,
if a project’s disturbed area exceeded one-acre, the total impervious area of that site was
totaled into the final calculation.
3.4.2

Analysis of increased volume of runoff managed
To determine the increased runoff volume of each policy, the following steps

were taken. First, if the project was triggered in by the policy requirements, then the
increased runoff for the event being managed by the policy was totaled. If the project was
not triggered in, then no increased runoff was totaled. For example, according to Policy 1,
if a project exceeded one acre in disturbed area, then the increased runoff of the project
site generated by the twenty-five-year storm event was totaled with all the other projects
triggered in. The increased runoff volume was similarly calculated for the ten and twoyear storm events.
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3.4.2.1

Determining the increased runoff volume
The increased runoff for each event was determined by subtracting the pre-

development runoff volume from the post-development runoff for the event required by
each policy. For example, in reference to Policy 1, the pre-development runoff volume
for the twenty-five-year storm event was subtracted from the post-development runoff for
the twenty-five-year event of each project in order to determine the increased runoff for a
twenty-five-year storm-event.
3.4.2.2

Determining the pre-development runoff volume
The pre-development runoff volume was determined for each project by

multiplying the total site area by a runoff coefficient of .22 to the inches of rainfall for the
twenty-four-hour, two, ten and twenty-five-year events. The rainfall for each in inches
was determined by interpolating from the from the National Weather Service twentyfour-hour rainfall maps, see Table 3.3 (NOAA 2011).
A runoff coefficient of .22 was used as the predevelopment condition for each
project based on the Starkville, Mississippi stormwater ordinance (Starkville 2010). This
numeric representation is a limitation to the study since it is not completely accurate and
there was no way of calculating the exact preexisting conditions of each site. The number
of .22 is an average condition that was applied to all the projects in order to provide an
even baseline condition to measure all the projects from. However, the study would have
been more accurate with precise pre-existing conditions of each project to provide a more
defined runoff coefficient.
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Table 3.3

Totals for Starkville, Mississippi twenty-four-hour rainfall

Event

Inches

25-year Event

7”

10-year Event

6.1”

2-year Event

4.2”

The calculation for the pre-development runoff of each event represented in
square feet is as follows:
•

Policy 1 (25-year Event)- Total area of each project * 0.22 * 7”

•

Policy 2 (10-year Event)- Total area of each project * 0.22 * 6.1”

•

Policy 3 (2-year Event)- Total area of each project * 0.22 * 4.2”

3.4.2.3

Determining the post-development runoff volume
The post-development runoff volume was calculated by multiplying the total site

area of each project by a weighted runoff coefficient, and then by the rainfall in inches
for the event being analyzed. A weighted average of pervious and impervious area
proposed by each project was created. The total site area then divides the average of the
previous calculation in order to generate the weighted runoff coefficient. According to
the city of Starkville’s ordinance, the runoff coefficient for impervious surfaces is .95 and
for pervious surfaces is .22 (Starkville 2010).
The calculation for determining the post development runoff volume for each
policy is as follows:
•

Policy 1 (25-year Event)- Total area of each project * Weighted Runoff
Coefficient * 7/12
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•

Policy 2 (10-year Event)- Total area of each project * Weighted Runoff
Coefficient * 6.1/12

•

Policy 3 (2-year Event)- Total area of each project * Weighted Runoff
Coefficient * 4.2/12

The calculation for determining the Weighted Runoff Coefficient for each site is as
follows:
•
3.5

((Impervious area *0.95)+(Total Area-Impervious area))* 0.22 / Total Area

Determining the percentage of rainfall managed for water quality
As stated in section 3.4, the variables being tested by each policy are the trigger,

detention and the water quality requirement. The first two variables (Trigger and
Detention) were given a different measurement for each policy because there are a
variety of different standards for trigger and detention requirements among current
policies. The water quality variable of 85% remained constant for all three policies due to
the fact that there is small differentiation in water quality standards amongst policies that
do require one (AMEC 2001). This continuous variable for water quality also provides a
constant baseline for all three policies to demonstrate how each trigger directly affects the
total volume of water being cleaned for all policies.
The water quality measurement is a direct comparison to impervious area each
policy manages. According to the requirements of each policy's trigger, if the project
itself was triggered into the total calculation, it was then multiplied by the total annual
runoff in cubic feet and by .85 or 85% to determine the percentage of annual rainfall
managed by each policy. This requirement may prove to be a limitation, however,
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because it only represents one measurement to water quality, whereas the other two
variables that were tested provided alternating measurements per policy.
3.5.1

Determining the total annual runoff
The total annual runoff for each project was determined by multiplying the total

area (in square feet) by the weighted runoff coefficient of each site (discussed in section
3.4.2.3). This calculation was then multiplied by the total annual runoff (in cubic feet).
The annual runoff for the city of Starkville was determined from a rainfall analysis data
set provided by The National Weather Service and was determined to be 54.25” (NOAA
2011). The complete calculations and data of the rainfall analysis can be found in
Appendix B.
The calculation for determining the Total Annual Runoff Volume is as follows:
•

(Area in Sq. Ft. of each project * Weighted Runoff Coefficient * (54.25/ 12)
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CHAPTER IV
RESULTS
4.1

Introduction
This chapter presents results from the experiment described in Chapter 3. These

results were selected and analyzed in order to fulfill the objective of this study, to identify
which range of stormwater policies best meets a community’s watershed needs. This
chapter is divided into four sections based on the results of the variables being measured
by each policy. These results include the site trigger, impervious area managed, policy
detention, and policy water quality. A complete copy of the results, as well as the
complete data set is available in the Appendix A.
4.2

Policy trigger results
According to the first policy, any site exceeding one acre in disturbed area must

provide stormwater management, thus triggering the smallest amount of projects into the
calculation. According to this policy and the median project disturbed area being .87 (see
Figure 4.1), less then half of the new construction proposed for the year of 2009 -2011
would be required to manage stormwater runoff. The second policy mandates any project
with greater than ten thousand square feet of impervious surfaces to be triggered into the
calculation, resulting in the second highest amount of projects to provide stormwater
management. This policy’s trigger requirement was the most reflective of the median
project size. The third policy requires that any project exceeding five hundred square feet
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in impervious area must provide stormwater management, triggering the greatest amount
of projects into the calculation.

Figure 4.1
4.3

Total projects triggered by each policy

Impervious area managed results
The total impervious area for all thirty-two projects was 3,226,253 square feet.

Policy 1 (2,780,889 sq. ft.) required the lowest amount of impervious area to be managed
of all three policies (see Table 4.1). This policy had the largest trigger requirement thus
excluding a majority of the smaller projects. Policy 2 (3,203,567 sq. ft.) provided the
second largest impervious area to be managed and maintained the trigger that was most
representative of the median project size. Policy 3 (3,226,253 sq. ft.) allotted the greatest
amount of impervious area to be managed for due to the fact that no project had an area
that was less than the trigger size of five hundred sq. ft. (see Figure 4.2).
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Table 4.1

Total impervious area managed by each policy

Policy

Total impervious area
managed – square feet

Policy 1

2,780,889

Overall area to
have stormwater
management
86.2%

Policy 2

3,203,567

99.3%

Policy 3

3,226,253

100%

Total

3,226,253

100.0%

Figure 4.2
4.4

Percentage of area managed by each policy

Policy detention results
From the fourteen projects triggered by Policy 1, a relatively low amount of

detention was provided for the twenty-five, ten, and two-year storm events (see Table
4.2). Policy 1 had the largest detention requirement, however, due to the limited number
of projects that were triggered into the calculation, it provided the smallest number of
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detention facilities out of the other three policies (see Table 4.3). For all the policies
tested, Policy 2 provided the greatest amount of detention according to all three
requirements. Although Policy 3 maintained the most detention for the two-year stormevent, it provided the least detention for the twenty-five and ten-year storm-events, even
though it triggered the greatest number of projects into the calculation (see Figure 4.3).
Table 4.2

Overall runoff volume for each storm-event

Storm-event

Overall volume cu. ft.

25-Year

1,361,635.3

10-Year

1,186,567.9

2-Year

816,981.2

Table 4.3

Summary of total water detained by policy and event

Policy

Total volume
Overall runoff
Overall runoff Overall runoff
managed – cubic detained 25- year detained 10-year detained 2-year
feet
event
event
event

Policy 1

1,158,032.8

85.0%

85.0%

85.0%

Policy 2

1,178,162.5

86.5%

99.3%

99.3%

Policy 3

816,981.2

60.0%

68.9%

100.0%
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Figure 4.3
4.5

Water detention percentages by storm event

Policy water quality results
Of the total volume of annual runoff for all thirty-two projects (17,389,508.6 cu.

ft.), Policy 1 provided the least amount to be managed (see Table 4.4). Due to the fact
that there were only two projects not triggered into the second policy, Policy 2
implemented 1.2% less than 85% of runoff required, thus providing the second highest
percentage of runoff to be managed. Policy 3 provided the highest runoff percentage to
be managed for water quality and was the only policy to meet the full 85% annual runoff
requirement (see Figure 4.4).
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Table 4.4
Policy

Total annual runoff managed by each policy

Policy 1

Total annual runoff managed for Overall percentage
water quality – cubic feet
12,212,593.9
70.2%

Policy 2

14,565,098.9

83.8%

Policy 3

14,781,082.3

85.0%

Total annual volume 17,389,508.6

100%

Figure 4.4

Total water to be managed for quality
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CHAPTER V
DISCUSSIONS
5.1

Introduction
This chapter discusses the results of the experiment and incorporates supporting

information from the literature into the argument. The chapter is divided into the
following sections: Discussion of goal, Sustainable stormwater policies, Discussion of the
policy results, and Starkville’s policy results.
5.2

Discussion of goal
Municipalities attempting to develop or adopt a new stormwater management

policy face many issues when it comes to protecting and enhancing their community and
watershed. Often, when a stormwater policy is implemented, it only relates to large sites
with large detention facilities, which does not reflect sustainable design. The goal of this
study was to determine what policy would manage the greatest amount of stormwater
runoff and be the most beneficial to the community of Starkville and its watershed. In
Chapter I, it was hypothesized that the policy with the smallest trigger requirement and
the smallest detention requirement would manage the greatest amount of runoff. The
results of this study, however, present that the policy with a more average requirement,
for both trigger and detention, managed the greatest volume of stormwater runoff and
would be the best option for the city of Starkville. Policy 3 was the policy with the
smallest trigger and detention requirement and managed a great majority of the projected
runoff. This revealed that in order for a policy to manage the greatest volume of
39

stormwater runoff, the trigger must be an accurate representation of the types and sizes of
projects being built in an area. Every community is different; therefore each city will
have different project sizes that are being constructed as well as a different frequency in
storm-event sizes. In order to implement a stormwater management policy that will
manage the most stormwater runoff, a municipality must evaluate their local rainfall
volume and intensity, new-development conditions of their community, and recommend
a stormwater management policy that is more specific to their unique needs.
5.3

Sustainable stormwater policies
Based on the literature discussed in this research, stormwater management has

greatly evolved, encompassing a more sustainable approach and encouraging
municipalities, such as Starkville, to determine what on-site stormwater management
policy will provide the best watershed protection and meet the needs of the city. A
municipality develops a sustainable stormwater policy to manage the majority of
stormwater runoff that occurs on-site, but in doing so, it should also enhance the
watershed (CWP 2010), provide greater overall flood protection (EPA 2005), increase the
quality of water released into rivers and streams (Reddy and Jawitz 2010), promote
infiltration of ground water for recharge (Ku 1992), and allow for the application of welldesigned stormwater management facilities (Pennypacker and Echols 2008). Although
the scope of this study focuses on the specific city of Starkville, Mississippi, the results
may be applied to a much larger region. These outcomes illustrate that a sustainable
stormwater management policy can be achieved by requiring more small sites to manage
for smaller storm events. This study’s approach and results may be applied to other
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municipalities; however, the conditions will vary based off of the values and goals of the
community they are being tasted against.
5.4

Discussion of the policy results
The results of this study provide a comparison of three separate policies and the

volume of stormwater runoff managed by each (see Table 5.1). These policies were
selected in order to determine which one could be adopted by the city of Starkville, and
manage the greatest amount of stormwater runoff. Each policy presented its own unique
successes and failures when applied to conditions and requirements relating to Starkville,
Mississippi.
Policy 1 had the smallest amount of total impervious area managed and a
relatively average volume of detention to be managed, due to the large trigger
requirement (see Figure 5.1). In order for Policy 1 to manage a larger percentage of
impervious area and a greater volume of runoff, it must decrease its trigger size to better
reflect the size of new development that is being constructed. Policy 1 also managed the
least annual runoff for water quality. This is a direct result of the trigger failing to
generate a substantial amount of projects into the calculation to meet the requirement. If
it had a smaller trigger that was more representative of the new development of the area,
it would have been able to provide a greater scope of stormwater runoff management to a
higher degree of water quality. This policy may not be the ideal solution for many
communities, however, if a community requires a policy that limits the amount of
administration and is easy to implement, Policy 1 would be the ideal solution. It was the
least stringent of all the policies and required the smallest amount of projects to
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incorporate stormwater management, thus limiting administration interaction and overall
implementation.
Policy 2 managed the greatest volume of stormwater runoff and had the most
accurate trigger requirement for impervious surface size of the projects tested. In the
categories that it did not achieve the greatest volume of runoff managed, Policy 2 had the
smallest margin of difference to that of the leading policy. It also had a high volume of
stormwater runoff to be managed for water quality according to the conditions of the
community it was tested against. Of all the policies measured in this research, Policy 2 is
the best solution to meet the needs of Starkville, Mississippi. However, given that this
policy was tested against the specific conditions of Starkville, it may not be ideal for
another community and should be tested in a similar process. This policy may be an
appropriate approach for smaller municipalities that occur in more suburban areas with a
relatively smaller population.
Policy 3 had the most stringent trigger requirement and detention requirement. In
most urban communities, Policy 3 will manage the greatest amount of impervious area,
given the relatively small project trigger. However, since the median impervious area for
the projects in Starkville is 48,096 square feet, the five hundred square feet trigger may
be a little excessive for the size of new development occurring in this particular area. If
Starkville’s municipality required all projects submitted to the city for a building permit
to undergo a stormwater evaluation, Policy 3 may have managed more stormwater runoff,
thus proving the hypothesis correct due to a greater amount of smaller projects triggered
into the calculation. This policy also had a small volume of stormwater runoff to be
managed for compared to the other two policies. However, Policy 3 had the highest
volume of water to be treated for quality, due to the policy’s trigger allocating 100% of
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surface area to be managed for. This policy would be best suited for urban communities
where new construction impervious area is similar to five hundred square feet and have
smaller rain events, such as Portland, Oregon.
Table 5.1

Summary of results
Policy 1
86.2%
85.0%

Policy 2
99.3%
86.5%

Policy 3
100.0%
60.0%

Trigger
Detention (25-year
event)
85.0%
99.3%
68.9%
Detention (10-year
event)
85.0%
99.3%
100.0%
Detention (2-year
event)
70.2%
83.8%
85.0%
Water Quality
Note: Most Managed, Second Most Managed, Least Managed

Figure 5.1

Summary of the detention requirement results for each policy
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5.5

Starkville’s policy results
After testing the three policies discussed in this research, the city of Starkville’s

current stormwater management policy was then tested and measured against the other
policies. This was done in order to present an accurate comparison of which policy will
best meet the needs of the city.
The requirements for Starkville’s policy state that any new development or redevelopment that is over two acres or at least one acre, but less than two acres and having
50% or greater impervious surface must provide stormwater management, thus triggering
nineteen of the total thirty-two projects into the calculation. Due to the small amount of
projects triggered into the calculation, Starkville’s policy allocated the second smallest
total impervious surface to be managed, after Policy 1 (see Table 5.2). The city’s policy
also provided the second smallest volume of runoff to be managed according to the
detention requirements (see Table 5.3). The city of Starkville’s policy does not have a
water quality requirement, thus stormwater runoff will not be treated for water quality
requirements.
Starkville’s policy was most similar to Policy 1 out of all the other policies in that
it designated stormwater management for a relatively small area of new development
with a lower volume of runoff to be managed. It would have been more successful in
managing a greater area of impervious surfaces by decreasing the trigger requirement to
provide more projects with greater stormwater coverage. With these results it may be
surmised that the city’s current policy could more accurately meet the needs of the
community and watershed based off of the projects being constructed in the area. As
stated in section 5.4, Policy 2 would manage a greater volume of water at a higher quality
than Starkville’s current policy, thus providing a greater opportunity to better meet the
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needs of the community and surrounding watershed. However, it would mean more work
for the administration.
Table 5.2

Total impervious area managed by each policy (including Starkville)

Policy

Total impervious area
managed square feet

Policy 1

2,780,889

Overall
impervious area
of stormwater
management
86.2%

Policy 2

3,203,567

99.3%

Policy 3

3,226,253

100%

Starkville

2,851,097

88.4%

Total

3,226,253

100.0%

Table 5.3

Summary of total water detained (including Starkville’s results)

Policy

Total volume
managed in
cubic feet

Overall runoff
detained 25year event

Overall runoff
detained 10year event

Overall runoff
detained 2year event

Policy 1

1,152,032.80

85.0%

85.0%

85.0%

Policy 2

1,178,162.5

86.5%

99.3%

99.3%

Policy 3

816,981.2

60.0%

68.9%

100.0%

Starkville

1,047,392.6

76.9%

88.3%

88.3%
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CHAPTER VI
CONCLUSIONS
6.1

Introduction
In response to the results of the experiment, this section presents the limitations of

the study and offers suggestions for future research. This chapter is divided into segments
that discuss the Recommendations, Limitations, and Future Research of the study.
6.2

Recommendations
Based on the results of this study, several recommendations can be made for the

city of Starkville, Mississippi’s stormwater management policy and for future
development of stormwater policies in general. In order to determine the accurate trigger
and detention size for a municipality, it is recommended that a municipality follow a
similar process to that of this thesis’s methodology mentioned in Chapter III. The results
of this study recommend the following:
•

The selection of a site appropriate trigger

•

On-site detention of stormwater runoff for smaller storm-events that are closer
to the source

•

The requirement of water quality treatment for at least 85% of all annual
runoff

A more accurate and site appropriate trigger may be selected based off the
average or median project sizes that occurs within a municipality. Communities have
access to this information through their planning and zoning commission, or through the
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city engineer. By requiring a precisely sized trigger to a stormwater policy, it allows for
more stormwater detention and flood protection citywide. It also provides a greater scope
of projects to shoulder the burden of stormwater management, rather then just the larger
ones.
A detention requirement should directly reflect the intensity and volume of
rainfall that occurs within a community. This information is made available through the
National Weather Service (NOAA 2011). A detention requirement that is smaller and
closer to the source of the event provides numerous benefits both to the city and region.
Smaller detentions facilities provide an increase in BMP, Artful Rainwater Design, LID,
and many other opportunities for Landscape Architecture to develop a more sustainable
practice of stormwater management. An increase in infiltration, groundwater recharges
and river/stream health is just a few of the many ecological benefits to providing smaller
and closer to the source detention facilities.
A water quality requirement of managing for 85% of all annual stormwater runoff
seeks to eliminate the majority of toxins and other harmful materials that may occur. In
allocating for at least 85% of all runoff, it is assured that the majority of harmful
substances will be treated and removed before the water will enter a city’s fresh water
sources. Many policies do not even require runoff to be treated for water quality (ex.
Starkville, Mississippi), therefore, it is imperative that some form of water quality
requirement is implemented to achieve a healthier watershed as a whole.
6.3

Limitations
There were several limitations that presented themselves over the course of the

study. The first was the number of projects that were not triggered into the calculation
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due to the City of Starkville’s ordinance requiring that any building less then one
thousand square feet does not need to be submitted to the permitting process. The Second
limitation discussed in Chapter III was the generalized runoff coefficient of .22. Also
discussed in Chapter III was the limitation of the single requirement for all three policies
to manage 85% of the annual runoff for water quality.
Another limitation to the study was the time frame that the project data set
occurred. The projects collected represented a three-year period of construction from
2009-2011. These projects took place directly after an economic recession, which may
have affected the volume of projects constructed as well as the size of projects being
built. If the data set were to represent a range of time prior to the recession, the project
amount and size would be greatly changed, thus altering the results of the policies that
were tested.
6.4

Future research
There are several considerations for future research due to the significant gap in

current research available on the topic of stormwater policy. This study discusses in detail
only a few of the issues that face municipalities that seek to develop or revise their
stormwater policy. The management and maintenance of stormwater facilities is an issue
that many developers and designers face with little precedent study on what is most
sustainable and successful. If a facility is to function in a sustainable manner, it should
also be managed and maintained in a likewise fashion.
As stated previously, there are very few case studies of successful sustainable
stormwater management policies available for communities to emulate. Every city
presents its own unique challenges and problems that must be dealt with in a similarly
48

unique fashion. With a source for case studies of successful implementation stormwater
policies, a municipality may have a better grasp on how to deal with their own watershed
issues.
A study on the application of a multiple policy trigger requirement based on
project size would be a valuable asset to future research. A possible solution to the issue
municipalities face when selecting a trigger requirement may be solved by suggesting
multiple policies for the different sizes of new construction that may occur within a
community. For example, a municipality may require that any project exceeding ten
thousand square feet must provide detention for the ten-year storm and any site that
exceeds ten acres must provide detention for the fifty-year storm. Some urban
communities see a majority of relatively small new construction impervious surfaces.
Consequently, the large projects that may be proposed might not be successfully
protected from flooding though a small trigger and detention requirement. Therefore, it
may be suggested that larger new development may require an alternate stormwater
policy than the more common smaller development.
The issue of financial implications occurred often in the discussion of this study,
however, literature on cost analysis for stormwater policies is lacking. In the situations
where stormwater management only relates to the large sites and requires large detention
facilities, it is maintained that these sites are the only ones that must shoulder the
financial burden of stormwater management. However, by requiring a greater majority of
projects to provide for smaller facilities, the financial burden is distributed equally
throughout the new development at a lesser extent. Also, a financial assessment of prime
real estate used for detention facilities of large events verse small events would be
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beneficial to the study. Future research on these topics would be very valuable in defining
the financial implications of stormwater management policies.
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APPENDIX A
PROJECT DATA SET
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A.1

Project data set

Figure A.1

Project information
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Figure A.2

Project area
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Figure A.3

Weighted runoff volume in cu. ft. for the 25-year storm-event
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Figure A.4

Weighted runoff volume in cu. ft. for the 10-year storm-event
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Figure A.5

Weighted runoff volume in cu. ft. for the 2-year storm-event
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Figure A.6

Total annual runoff for all projects
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Figure A.7

Results for Policy 1 – 1 acre – 25-year event
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Figure A.8

Results for Policy 2 – 10,000 sq. ft. – 10-year event
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Figure A.9

Results for Policy 3 – 500 sq. ft. – 2-year event
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Figure A.10 Results for the City of Starkville’s policy
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APPENDIX B
STARKVILLE RAINFALL ANALYSIS
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B.1

NOAA Rainfall Analysis for Starkville, Mississippi

Figure B.1

Number of events
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Figure B.2

Average annual rainfall
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